A set of seven structurally related Sm proteins forms the core of the snRNP particles containing the spliceosomal U1, U2, U4 and U5 snRNAs. A search of the genomic sequence of Saccharomyces cerevisiae has identi®ed a number of open reading frames that potentially encode structurally similar proteins termed Lsm (Like Sm) proteins. With the aim of analysing all possible interactions between the Lsm proteins and any protein encoded in the yeast genome, we performed exhaustive and iterative genomic two-hybrid screens, starting with the Lsm proteins as baits. Indeed, extensive interactions amongst eight Lsm proteins were found that suggest the existence of a Lsm complex or complexes. These Lsm interactions apparently involve the conserved Sm domain that also mediates interactions between the Sm proteins. The screens also reveal functionally signi®cant interactions with splicing factors, in particular with Prp4 and Prp24, compatible with genetic studies and with the reported association of Lsm proteins with spliceosomal U6 and U4/U6 particles. In addition, interactions with proteins involved in mRNA turnover, such as Mrt1, Dcp1, Dcp2 and Xrn1, point to roles for Lsm complexes in distinct RNA metabolic processes, that are con®rmed in independent functional studies. These results provide compelling evidence that two-hybrid screens yield functionally meaningful information about protein±protein interactions and can suggest functions for uncharacterized proteins, especially when they are performed on a genome-wide scale.
Introduction
Splicing of nuclear pre-mRNA occurs within a large ribonucleoprotein complex called the spliceosome. Spliceosome assembly involves snRNP particles constituted of snRNAs (the U1, U2, U4, U5 and U6 snRNAs) which are associated with proteins. Human U1, U2, U4 and U5 snRNPs contain two classes of proteins: seven small proteins, collectively called the Sm proteins (B or Bk, D1, D2, D3, E, F, G) that constitute a core particle common to these snRNP, and other proteins associated speci®cally with one particular snRNP (Burge et al., 1998; Will and Lu È hrmann, 1997) . These snRNP particles are evolutionary highly conserved and Sm proteins were also identi®ed in the yeast Saccharomyces cerevisiae (Bordonne Â and Tarassov, 1996; Gottschalk et al., 1998; Roy et al., 1995; Rymond et al., 1993) . All Sm proteins contain two conserved regions, called the Sm motifs 1 and 2 (Cooper et al., 1995; Hermann et al., 1995; Seraphin 1995) . The U1, U2, U4 and U5 snRNAs are transcribed by RNA polymerase II and exported to the cytoplasm, where they associate with a complex of Sm proteins to form core snRNP particles. These U snRNAs contain a conserved structural motif, a singlestranded uridylic acid-rich region¯anked by two stem-loop structures (Branlant et al., 1982) , which is recognized by the Sm protein complex. When the Sm core particle is assembled, the 5k cap of the snRNA becomes hypermethylated and 3k-end processing occurs (Jacobson et al., 1993) . At least in higher eukaryotes, binding of the Sm core proteins is essential for the hypermethylation of the cap (Mattaj, 1986) and both the 5k trimethylguanosine cap and the Sm proteins are required for the nuclear import of the snRNP (Fischer et al., 1993) . Finally, with the addition of snRNP-speci®c proteins, a functional snRNP is produced. Thus, in higher eukaryotes the biogenesis of snRNPs is a complex process involving both nuclear and cytoplasmic compartments.
The U6 snRNA is different; it is transcribed by RNA polymerase III and has a c-monomethyl triphosphate cap. U6 snRNA lacks the Sm binding site and does not itself assemble with the canonical Sm proteins (Luhrmann et al., 1990) . However, the U4 and U6 snRNAs have extensive sequence complementarity to one another and most or all of the U4 snRNA is found complexed with U6 snRNA in a U4/U6 di-snRNP, while a free form of U6 also exists. There have been con¯icting reports about the localization of the U6 snRNA. For example, it was reported that in Xenopus oocytes U6 snRNA does not leave the nucleus (Vankan et al., 1990) , whereas work on mouse ®broblast cells indicated that newly synthesised U6 snRNA is present transiently in the cytoplasm (Fury and Zieve, 1996) .
Searches in the Saccharomyces cerevisiae genome database allowed the identi®cation of another set of Sm-like proteins (Fromont-Racine et al., 1997) . One of them, Lsm8, was identi®ed in a two-hybrid screen using the splicing factor Hsh49p as bait (Fromont-Racine et al., 1997) , indicating a possible link with the splicing machinery. Indeed, seven out of these nine Sm-like proteins, renamed Lsm 2±8, were found to associate with U6 snRNA (Cooper et al., 1995; Mayes et al., 1999; Pannone et al., 1998; Seraphin, 1995) , suggesting the possible existence in budding yeast of a heptameric U6-associated Lsm particle that may be similar to the Sm core particle. Indeed, most of these Lsm proteins were found associated with the U4/U6.U5 tri-snRNP (Gottschalk et al., 1999; Stevens and Abelson, 1999) . In contrast, Lsm1 displays only a weak, highly salt-sensitive association with U6 (Mayes et al., 1999) and yeast genetic studies have implicated Lsm1 (previously Spb8) in mRNA decapping (Boeck et al., 1998) . Thus, Lsm 1 protein could be involved in a distinct pathway. The last Lsm protein, SmX1 or Lsm9, does not bind to U6 snRNA and was recently found in a protein complex unrelated to splicing (Rigaut et al., 1999) . Little is known on the biogenesis of the U6 snRNP particle, apart from a proposed chaperone function for La protein, handing the newly synthesized U6 snRNA from RNA polymerase III to Lsm proteins (Pannone et al., 1998) . Also, in humans, seven Lsm orthologous proteins were found associated with U6 snRNA (Achsel et al., 1999) .
In order to understand what could be the various role of Lsm proteins, we used exhaustive and iterative two-hybrid screens, starting with Lsm proteins as baits. Interactions amongst the Lsm proteins themselves strongly suggest the existence of a Lsm complex or complexes. These interactions require both Sm motifs. The screens also reveal several interactions with splicing factors that may be functionally signi®cant. In particular, the interactions with Prp4 and Prp24 are compatible with the observed association of Lsm proteins with U6 and U4/U6 particles, and with genetic studies. Interactions with SmD2, Prp11 and Hsh49 suggest that Lsm proteins may also play a key role in assembling spliceosomes through snRNP±snRNP interactions. In addition, the screens reveal interactions with proteins which are involved in mRNA turnover, hinting that Lsm1 may not be the only Lsm protein associated with such a function. Altogether, the Lsm screens and the iterative screens point to roles for Lsm proteins in distinct processes.
Materials and methods

Strains and plasmids
Y187, CG1945 and L40 strains were used to perform the two-hybrid screens (Fromont-Racine et al., 1997) . We derived the L40DG from the L40 strain by deleting the GAL4 gene in this strain and replacing it by a KANA R cassette (see below). Gap repair experiments were performed in the yeast strain BMA64 (F. Lacroute). The Escherichia coli strain MC1066 was used for prey plasmid recovery, selecting on plates lacking leucine. The pBTM116 plasmid (Vojtek et al., 1993 ) was used to clone LexA fusions and pAS2DD was used to clone the Gal4 bait fusions (Fromont-Racine et al., 1997) .
Plasmid bait constructions
The full-length ORFs were always used. For LSM1 (YJL124C) a BamH1 fragment taken from a prey plasmid fused at nucleotide -52 relative to the initiation codon was cloned in-frame into a modi®ed pBTM116 plasmid. For LSM2 (YBL026W without the intron) a BamHI±PstI fragment produced by reverse transcription followed by PCR ampli®cation (Sambrook et al., 1989) was cloned into pAS2DD and pBTM116 plasmids. For LSM3 (YLR438CA) a Nco1±BamH1 PCR fragment was cloned into pAS2DD. For LSM4 (YER112W), a Nco1±BamH1 PCR fragment was cloned into pAS2DD. For LSM5 (YER146W), a BamH1 fragment taken from a prey plasmid fused at nucleotide -2 respective to the start codon was cloned in-frame into pBTM116 plasmid. For LSM6 (YDR378C) a EcoR1±BamH1 PCR fragment was cloned in pBTM116 plasmid. For LSM7 (YNL147W without the intron) a PCR fragment was cloned into pBTM116 plasmid at the Sma1 site. For LSM8 (YJR022W) a NcoI±XhoI fragment from a prey plasmid fused at nucleotide -2 with respect to the initiation codon was cloned into pAS2DD between the NcoI and Sal1 sites, then subcloned as a BamH1 fragment into pBTM116. For YEL015W a EcoR1± Sal1 PCR fragment was cloned into pAS2DD. All sequences derived by PCR cloning were veri®ed. PSU1 was cloned in pAS2DD by gap repair, using two PCR fragments with about 200 nucleotides of homology to the 5k and 3k ends of the gene cloned in pAS2DD. After gap repair, the plasmid was recovered and the gene was checked by restriction mapping and sequencing of the 5k end. PAT1 fulllength sequence as bait had very high autoactivating activity, so a pGBT9 derivative bait plasmid lacking the highly acidic N-terminal 51 amino acids was used for the screen (a generous gift from F. Lacroute).
L40DG strain construction and two-hybrid mating
Two-hybrid screens were performed by a mating strategy, using the FRYL library introduced in Y187 cells and either CG1945 cells producing Gal4-derived bait proteins or L40 and L40DG cells producing LexA-derived bait proteins (FromontRacine et al., 1997) . For the LexA±Lsm6 and LexA±Lsm8 screens, only the HIS3 reporter was used to select interactors (diploid cells derived with L40 cells express endogenous Gal4 gene, which spontaneously activates the LacZ reporter gene from the Y187 background). To permit use of the LacZ reporter with other LexA baits, we generated the strain L40DG by replacing the entire GAL4 coding sequence in L40 by the kanamycin-resistance marker from plasmid pkana-X2 (Wach et al., 1994) . The gene replacement was con®rmed by Southern blotting, and an X-gal overlay on diploid cells (Y187rL40DG) veri®ed that endogenous activation of the LacZ reporter did not occur (data not shown).
Selection of positive clones
Positive clones were selected as previously described (Fromont-Racine et al., 1997) . Prey inserts were ampli®ed from library plasmids by PCR on colonies (Wang et al., 1996a) , the length of each insert was determined by gel electrophoresis and the 5k junction was sequenced. Identi®cation of each candidate in the yeast database was performed by a dedicated software (DOGEL) that gives the chromosomal coordinates (chromosome number, strand and position), ORF and gene name and the exact location of the beginning of the insert relative to the initiation codon. Alternatively, the BLAST program can be used against the Saccharomyces Genome Database (SGD; http://genome-www. stanford.edu). The biological information on the ORF was extracted from the Yeast Protein Database (YPD; http://www.proteome.com).
Classi®cation of the candidates
Prey fusions were classi®ed according to four different categories of different heuristic values (A1>A2=A3>A4) (Fromont-Racine et al., 1997) . B fusions express non-biological peptides, i.e antisense or intergenic regions, and are excluded from the tables of results.
Results
Characteristics of genomic interaction screens with Lsm proteins
With the aim of identifying as many as possible of the proteins that interact with Lsm proteins we performed exhaustive and iterative two-hybrid screens using the FRYL S. cerevisiae genomic library (Fromont-Racine et al., 1997) (Table 1 ; see Materials and methods). For each screen, results are analysed in order to evaluate the heuristic value of each prey protein (Fromont-Racine et al., 1997) (see also Materials and methods). In addition, the domain of interaction selected for each prey protein is identi®ed (Table 1 ). Figure 1 presents the characteristics of the screens, showing for each bait protein the number of ORFs selected in each category, and the number of clones of each ORF. Comparing the pro®les for different bait proteins, it is apparent that, despite the similarity of structure between Lsm proteins, they behave differently in the screens. Some, such as Lsm7, have few partners, whereas others, such as Lsm1, have many partners. Two Lsm proteins (Lsm2 and Lsm8) were used as both Gal4 and LexA fusion proteins (Table 1) . Some of the prey proteins were found in common and represent a subset of highly speci®c interactors. In addition, for both Lsm2 and Lsm8 proteins, highly signi®cant prey proteins (A1 category) were found with either the Gal4 or the LexA bait but not with both. As Lsm proteins are relatively small, the construction of fusions may be more likely to cause folding problems or steric interference with protein±protein interactions, as interacting domains may be masked in the fusion protein. In theory, saturating two-hybrid screens should identify multiple samples of the same partner. According to this criterion, the larger the screen the greater is the probability that single clones will be non-speci®c because their occurrence most probably re¯ects sporadic selection. For example, in the Lsm7 screen (60 million interactions tested, only eight distinct genetic loci as prey ORFs, out of them three found as single clones) or in the Lsm8±Gal4 screen (96 million interactions, 19 distinct genetic loci, 12 single clones) single clones might be considered likely to be non-speci®c, whereas in the rather small-scale Lsm1 screen (22 million interactions, 37 different genetic loci, 21 single clones) single clones may be more signi®cant. When the data from several functionally related screens are pooled, prey found as single clones in several screens become more signi®cant. For example, Prp24 arose as single isolates with Lsm7 and Lsm8 and became more signi®cant when the data were combined, especially because this protein had never been selected in more than 100 previous screens (data not shown; see Discussion). Xrn1 was found only as single clones in three screens, which might suggest indirect or transient interactions that would be statistically less likely to be observed, but are still meaningful. The 8 Lsm baits produced 229 interactions with 161 different prey (Table 1) . Among all these interactions, 25 are connections between Lsm proteins. Thus it is noticeable that more than 15% of the ORFs found in the screens performed with Lsm proteins correspond to these eight small Lsm genes (less than 600 nucleotides) selected out of a collection of more than 6000 genes covering more than 15 megabases. These results reveal very likely interactions between these proteins.
Connections of Lsm proteins with each other
Connections between the Lsm proteins are shown in Figure 2A . All eight Lsm proteins interacted with at least three other Lsm proteins, although not all interactions were found reciprocally. All these 25 pairings involved highly signi®cant interactions (A1 or A2 categories; Fromont-Racine et al., 1997). It is particularly striking that all selected prey fragments start near the natural N-terminus and all contain both Sm motifs. These results strongly suggest that the interactions between the Lsm proteins require the Sm motifs, and deletion analysis demonstrated this to be the case for Lsm4 (Mayes et al., 1999) . The multiple connections shown in Figure 2A might suggest that the Lsm proteins interact promiscuously with each other. However, no homotypic interactions were found for the Lsm proteins, indicating that these interactions did not occur spuriously between any protein-bearing Sm motifs.
Interactions with other splicing factors
With the exception of Lsm3, all the Lsm proteins made connections with known pre-mRNA splicing factors in these screens, with a total of six splicing factors being selected as prey ( Figure 2B ). Lsm1 found only one, Snu114, a U5 snRNP-speci®c protein, while each of the others interacted with at least two. This interaction has a low predictive value, because the Snu114 prey protein has been selected only once as an A4 candidate (see Materials and methods). Lsm8, which was the most interactive amongst the Lsm proteins, is also the most connected with splicing factors. Two splicing factors speci®cally associated with the U2 snRNP were selected with the Lsm proteins; Prp11 was found with Lsm4, and Hsh49 with Lsm8. Signi®cantly, in a previous screen the reciprocal interaction of Lsm8 with Hsh49 as bait was found (Fromont-Racine et al., 1997) . Another splicing factor that arose frequently in these screens is one of the canonical Sm proteins, SmD2, being found with Lsm2, Lsm4, Lsm5 and Lsm6. Lsm7 and Lsm8 both selected the splicing factor Prp4, which is also a component of U4±U6 snRNPs and U4±U6±U5 tri-snRNPs (Banroques and Abelson, 1989; Bjorn et al., 1989) . Links between Lsm proteins and SmD2 and Prp4 are in agreement with the identi®cation of the proteins of the yeast tri-snRNP (Gottschalk et al., 1999) . Prp24 arose most frequently in the screens, interacting with Lsm2, Lsm5, Lsm6, Lsm7 and Lsm8 ( Figure 2B ). Prp24 is an RNA-binding protein that associates with U6 snRNA in free U6 snRNP and U4±U6 disnRNP particles (Ghetti et al., 1995; Jandrositz and Guthrie, 1995) . The high occurrence of Prp24 in these screens could be therefore indicative of a functional interaction of the Lsm proteins with the U6 and/or U4±U6 particles, which is further supported by genetic tests. Overproduction of the Prp24 protein partially complements the growth defect of cells metabolically depleted of Lsm4, whereas overexpression of Lsm4 exacerbates the temperature sensitivity of prp24-1 cells (AEM, M.
Cooper and JDB unpublished results). It is noteworthy that Prp24, Prp4 and SmD2 have not been selected as prey in exhaustive screens that have been performed with dozens of splicing factors in our 
Connections with other factors
Additional prey proteins, which are neither Lsm proteins nor known splicing factors, arose multiple times in Lsm screens ( Figure 3A) . Three prey proteins, Pat1, Psu1 and Yel015w, show the most frequent as well as signi®cant links with the Lsm proteins. Yel015w was found interacting with Lsm2 and Lsm8 as many independent fusions (Table 1) . Similarly, Psu1 was found interacting with Lsm2, Lsm4 and Lsm8, whereas Pat1 was found as prey by each of the Lsm proteins ( Figure 3A) . Additional prey proteins with a high predictive value were found that might have a biological signi®cance (see Discussion): Xrn1, a 5k>3k exonuclease that represents the major nuclease activity for the degradation of decapped mRNAs (Jacobs et al., 1998; Johnson, 1997) ; Gcn 3 and Gcd11, two translational initiation factors (Erickson et al., 1997; Pavitt et al., 1998) and Mtr3, a component of the exosome (Allmang et al., 1999) . All these interactions with the Lsm proteins seem very speci®c, since prey proteins were all A1, A2 or A3 candidates that were speci®cally selected by at least two Lsm bait proteins and were otherwise not found in more than 100 genomic screens done in our laboratories (Fromont-Racine et al., 1997); unpublished results). The three proteins Yel015w, Pat1 and Psu1 were used in turn as bait proteins to screen the yeast proteome for potential interacting partners (Table 1, Figure 1 ). Curiously, none of the Lsm proteins was found in these second-round screens. Nevertheless, the complete set of connections identi®ed through exhaustive two-hybrid screens performed with those novel proteins associate the Lsm proteins with a group of proteins that are related to the mRNA degradation pathway ( Figure 3B ; see Discussion).
Discussion
The multiple interactions among the eight Lsm proteins strongly suggest the existence of a complex or complexes of Lsm proteins. The interactions of Lsm1 with Lsm2, Lsm3, Lsm5 and Lsm6 seemed surprising initially, in view of the evidence that Lsm2, Lsm3, Lsm4, Lsm5, Lsm6, Lsm7 and Lsm8 associate with, and stabilize, the spliceosomal U6 snRNA (Mayes et al., 1999; Salgado-Garrido et al., 1999) , whereas Lsm1 appears to be involved in a distinct process, mRNA decapping (Boeck et al., 1998) . Also, a seven-(rather than eight)-component complex of U6-associated Lsm proteins is attractive in view of the heptameric complex predicted for the human Sm proteins. Indeed, Lsm2±Lsm8 proteins have recently been identi®ed in yeast and human (Achsel et al., 1999; Gottschalk et al., 1999; Stevens and Abelson, 1999) . It is not yet established how similar the canonical Sm and the Lsm2±Lsm8 complexes are. It should be noticed that we found Lsm proteins highly connected to each other while more speci®c interactions were observed between the canonical Sm proteins (Camasses et al., 1998; Fury et al., 1997 ) (M. Fromont-Racine, A. Brunet-Simon and P. Legrain, unpublished data). Since two-hybrid interactions do not necessarily represent direct protein interactions between the two partners, the observed connections could be mediated by another (Lsm) protein or even by an RNA. Thus, it seems most likely that some of the observed interactions may be mediated by the formation of complexes containing more than two Lsm proteins. In summary, these data support the ability of the Lsm proteins to form a complex or complexes, as also indicated by the ®nding that Lsm4 can be co-immunoprecipitated with each of the seven other Lsm proteins (Mayes et al., 1999) . As both Sm protein and Lsm protein interactions involve the conserved Sm domain, it remains to be determined how these proteins distinguish between each other to form separate complexes. Lsm proteins are also strongly connected to proteins involved in splicing: SmD2, Prp11, Hsh49, Prp4 and Prp24. A close functional relationship between Prp4 and the U6 snRNP is suggested by genetic studies showing that at non-permissive temperature, mutant prp4-1 cells exhibit a speci®c decrease in the level of U6 snRNA (Galisson and Legrain, 1993) . Genetic and in vitro experiments have led to a model in which Prp24 promotes the annealing/dissociation reactions of U4±U6 dimer during successive rounds of splicing (Ghetti et al., 1995; Raghunathan and Guthrie, 1998; Shannon and Guthrie, 1991) . In the U4±U6 snRNP and in the U4±U6±U5 triple snRNP, SmD2 might be part of an interface between the canonical snRNPs and the U6/Lsm particle. In this respect it may be relevant that a two-hybrid screen with the SmE protein selected Lsm3 (SmX4), the paralogue of SmD2, as a prey protein (Camasses et al., 1998) . Interactions between the U2 and U6 snRNAs within spliceosomes are well established (Madhani and Guthrie, 1994) . The ®nding of connections between Lsm proteins and U2 snRNA-associated proteins might therefore represent protein interactions at a U2±U6 interface in spliceosomes or during spliceosome formation, as already suggested by the genetic interactions between Prp21 and Prp24, which are U2-and U6-associated, respectively (Vaidya et al., 1996) .
More surprisingly, in these genomic screens, we identi®ed a small group of proteins connected to the Lsm proteins and unrelated to pre-mRNA splicing, among them, Psu1, Pat1 and Yel015w. YEL015W encodes a protein of unknown function. PSU1 was initially identi®ed through suppression of the respiratory de®ciency of a pet mutant (A.A. Tzagoloff, unpublished results), and more recently has been demonstrated to have a role in transcription (Gaudon et al., 1999) . Pat1 was previously identi®ed (Rodriguez-Cousino et al., 1995; Wang et al., 1996b) Parker, 2000) . This network of interactions revealed an additional strongly connected protein, Xrn1 ( Figure 3B ). This result suggests an implication of Lsm proteins in the metabolic degradation pathway of mRNAs and is further supported by additional ®ndings: PAT1 turns out to be equivalent to MRT1, in which conditional mutations that inhibit mRNA decapping have been isolated (Hat®eld et al., 1996 ; S. Tharun, W. He, A.E. Mayes, P. Lennertz, J.D. Beggs and R. Parker, 2000) . Psu1/Nmd1 was identi®ed as an interacting protein with Upf1, a major player in the non sensemediated mRNA decay pathway (He and Jacobson, 1995) . More signi®cantly, the Psu1 protein has also been implicated in mRNA decapping, and renamed Dcp2 (Dunckley and Parker, 1999) . Dcp2 is required for the production of active Dcp1 decapping enzyme, which co-puri®es with it. Although it is not a major player in the Lsm screens, Dcp1 was found as prey in a screen with Lsm4 (Table 1, Figure 3B ), and Lsm proteins have been found to co-immunoprecipitate along with Dcp1 protein (S. Tharun, W. He, A.E. Mayes, P. Lennertz, J.D. Beggs and R. Parker, 2000) . Following the report (Boeck et al., 1998) that Lsm1±Spb8 itself plays a role in mRNA decapping, recent work has shown that mutations affecting several of the Lsm proteins lead to partial inhibition of mRNA decay (S. Tharun, W. He, A.E. Mayes, P. Lennertz, J.D. Beggs and R. Parker, 2000) . Thus, a network of interactions was found between the Lsm proteins and four proteins that are implicated directly in mRNA turnover: Dcp2/Psu1, Dcp1, Mrt1/Pat1 and Xrn1. Altogether, these data strongly suggest a novel role for an Lsm protein complex in mRNA degradation. This complex could be directly involved in the regulation of mRNA turnover, which is known to be linked to translational initiation (Schwartz and Parker, 1999) . Indeed, we found two translational initiation factors, Gcn3 and Gcd11, among the highly speci®c prey proteins selected by Lsm proteins ( Figure 3A) . The existence of eight instead of seven Lsm proteins, and the ®nding of multiple interactions between Lsm proteins and factors involved in mRNA turnover, as well as factors involved in mRNA splicing, raises the possibility that two or more Lsm complexes may exist. Conceivably, alternative Lsm subunit compositions might confer different functional speci®city on distinct complexes. In view of these connections, the precise role of Yel015w is currently being investigated.
From the results presented here, it appears that performing multiple genomic screens with functionally related bait proteins and in an iterative manner leads to results whose signi®cance is much greater than the data from the component screens considered separately. Obviously, the frequency with which prey proteins are found also depends on the level of production and stability of the fusion proteins; therefore, while statistical analyses are essential for interpretation of the data, all results should be considered as potentially signi®cant, including single clones, otherwise meaningful interactions may be missed. These questions were also addressed in very recently published studies aiming at a genome-wide description of protein±protein interactions for the yeast proteome (Ito et al., 2000; Uetz et al., 2000) and Caenorhabditis elegans (Walhout et al., 2000) . However, as opposed to these studies, the strategy used in the present study (see also Flores et al., 1999; Fromont-Racine et al., 1997) aims at the selection of interacting domains instead of checking for interaction between fulllength proteins. This leads to a more complete description of the set of interactions and provides in addition information on functional domains. A similar approach has also been successfully performed for the study on the hepatitis C virus proteome (Flajolet et al., 2000) . Overall, the results presented here provide a striking illustration that exhaustive and iterative two-hybrid screens can be used on a genome-wide scale to yield functionally meaningful information about protein±protein interactions, and thereby can suggest functions for uncharacterized or partially characterized proteins.
